The authors compared the intubation success rate of straight reinforced tracheal tubes emerging from the Airtraq laryngoscope (Prodol Meditec S.A., Vizcaya, Spain) with standard preformed polyvinyl chloride tracheal tubes in anesthetized patients.
THE Airtraq laryngoscope (AL) (Prodol Meditec S.A., Vizcaya, Spain) is a new disposable intubation device developed to facilitate tracheal intubation in patients with normal or difficult airways. It is designed to provide a view of the glottis without alignment of the oral, pharyngeal, and tracheal axes. This is due to the exaggerated curvature of the blade and a series of lenses, prisms, and mirrors that transfers the image from the illuminated tip to a proximal viewfinder. A guiding channel on the right side of the blade acts as a conduit holding and directing the endotracheal tube through the glottis opening when the vocal cords are visualized. The AL is commercially available in multiple sizes. The larger size (AL-L), using tube sizes 7.0 -8.5 mm ID, and the smaller size (AL-S), using tube sizes 6.0 -7.5 mm ID, are recommended for adults, according to the manufacturer's instructions. The widths of the guiding channels in AL-L and AL-S are 14 and 12 mm, respectively. The lengths of the guiding channels in AL-L and AL-S are 20 and 19 cm, respectively. The angle between the guiding channel and the blade in both sizes is 93°.
Recent reports suggested that use of the AL may be superior to the Macintosh laryngoscope (Rusch, Teleflex Medical, Deutschland) in patients in routine airway management 1 and/or increased risk for difficult intubation. 2, 3 The AL was used successfully in a number of cases with difficult airway management, [4] [5] [6] including morbid obesity, [7] [8] [9] posttraumatic asphyxia, 10 and after failed tracheal intubation 11 in anesthetized patients, as well as in two cases where awake tracheal intubation was chosen. 12, 13 All previous clinical trials were conducted using standard preformed polyvinyl chloride tracheal tubes. However, there are cases where straight reinforced tracheal tubes could be used. The latter are particularly useful for head and neck surgical procedures or in the pronepositioned patient, where the endotracheal tube could be sharply bent and/or compressed. In this prospective randomized study, we compared the intubation success rate of straight reinforced tracheal tubes emerging from the AL with standard polyvinyl chloride tracheal tubes in anesthetized and paralyzed patients.
Materials and Methods
After ethical committee approval and written informed consent, 347 patients with American Society of Anesthesiologists physical status I-III, aged 22-75 yr, scheduled to undergo surgical procedures requiring tracheal intu-bation, were included in the study. The study was conducted at the "G Gennimatas" General Hospital of Athens, Greece, from March 2008 to January 2009. Exclusion criteria were increased risk or history of difficult intubation, gastric aspiration, or history of relevant drug allergy. Preoperative airway examination in all patients included interincisor distance, Mallampati classification, thyromental distance, cervical spine flexion, and previously documented difficult intubation.
Patients who were intubated with standard Portex (Smiths Medical, Hythe, Kent, United Kingdom) polyvinyl chloride tracheal tube (PVCTs) served as controls. PVCTs are reasonably stiff, with a curvature of approximately 130°. Furthermore, Portex wire-reinforced endotracheal tubes (RFT) and silicone wire-reinforced tubes (RFST; Euromedical Industries, Kedah, Malaysia) were used. Both are straight and soft tubes without curvature. We tested both adult sizes of the AL, the larger size (AL-L), using tube sizes 7.0 -8.5 mm ID, and the smaller size (AL-S), using tube sizes 6.0 -7.5 mm ID, according to the manufacturer's instructions. A table of random numbers was used for each patient to determine which tube type and laryngoscope size was used. The technical characteristics of the materials used for intubation for the whole study population are presented in table 1.
Before induction of anesthesia, the angle that was created by different sized PVCT, RFT, or RFST tracheal tubes emerging from the AL (intubation angle) was measured in vitro in all patients. All measurements were performed using a goniometer and included the angle between the blade of the AL and the middle axis of the distal 8 cm of the endotracheal tube emerging from the AL ( fig. 1 ). All measurements were performed and recorded by the same physician (V.D.).
Anesthetic management was standardized. Anesthesia was induced with 1 g/kg fentanyl followed by 1.5-3.0 mg/kg propofol. Neuromuscular blockade was achieved with 0.1 mg/kg cisatracurium. A nerve stimulator was used (TOF Watch S; Organon, Oss, The Netherlands) to confirm full paralysis before intubation. Maintenance was with 1.5-3% sevoflurane in oxygen and nitrous oxide. When full relaxation was confirmed, the patient was placed in the sniffing position and laryngoscopy was performed. Standard monitoring was used. The three anesthesiologists (V.D., A.D., and I.Z.) who performed tracheal intubation were instructors in national airway courses and had significant clinical experience with the AL in mannequins and patients.
Tracheal intubation was attempted with the AL preloaded with the endotracheal tube, using the inventor's technique, with the blade inserted into the mouth in the midline, over the center of the tongue. Once the view of glottis was optimized, the tube was passed through the vocal cords and the cuff was inflated. Thereafter, it was held in place while the AL was removed. If it was not possible to direct the endotracheal tube to the trachea, optimization maneuvers were attempted. Optimization maneuvers included extension, rotation, or vertical lift of the AL. The primary endpoint was the rate of successful tracheal intubation. An unsuccessful intubation was defined when the trachea was not intubated after three intubating attempts, or after 120 s had elapsed. The possible influence of AL size, of tube size and type, and of the intubation angle on intubation failure was examined. To analyze the effect of both the laryngoscope and the endotracheal tube on intubation, we used one simple parameter, namely, the ratio of the endotracheal tube OD to the width of the AL guiding channel. Also, the number of optimization maneuvers and the number of attempts to aid tracheal intubation were recorded and analyzed. Finally, the duration of the intubating attempt and the occurrence of trauma including visible trauma to the teeth or lips, or blood on the blade of the AL, were recorded. The duration of the intubating attempt was the time elapsed from inserting the blade between the teeth, until the endotracheal tube crossed the vocal cords, as evidenced by visual confirmation by the anesthesiologist. In cases that the endotracheal tube was not visualized passing through the vocal cords, tracheal intubation was confirmed by capnography. In case of failure to intubate with the AL, the Macintosh laryngoscope was used. Finally, all data were collected and recorded by two independent unblinded observers.
Statistical Analysis
Demographic and other data regarding intubation are presented as median values (interquartile range). Correlations between continuous variables were assessed using the Pearson correlation coefficient. For ordinal data, the Spearman rank correlation was used. Optimization maneuvers (0 and Ն 1) and attempts at successful intubation (1 and Ͼ 1) were entered as dichotomous variables. The Kruskal-Wallis rank sum test compared medians, whereas the Fisher exact test compared proportions (both two-tailed). Contingency table analyses were assessed for the presence or absence of power of 0.80 or greater to detect as significant (P Ͻ 0.01) differences with a with a medium effect size (w ϭ 0.30). 14 Three analyses were performed for each positive omnibus Fisher exact test or Kruskal-Wallis test; hence, post hoc Bonferroni corrections were performed. Because omnibus tests were followed, post hoc, by pairwise comparisons, ␣ was adjusted such that null hypotheses were rejected when P Ͻ 0.01. Binary logit regression evaluated the effect of the OD of the tube, of the laryngoscope size (AL-L, AL-S), and of the ratio of the OD of the tube to the width of the AL guiding channel on intubation failure in the RFT and RFST groups. All tests were two-sided, and analysis was performed with a commercially available statistical package (SPSS for Windows 11.0; SPSS Inc., Chicago, IL).
Results
Patients were randomly allocated to three groups: a control group (PVCT, n ϭ 98) and the two study groups (RFT, n ϭ 135 and RFST, n ϭ 114). There were no differences between treatment groups with respect to demographic or baseline characteristics (table 2). The success rate of intubation was significantly higher with the PVCT than with RFT or RFST (P Ͻ 0.01). PVCT patients experienced no intubation failure, required no more than one intubation attempt, had a shorter intubation period, and had, except for one patient, no trauma (table 3) . Patients in the RFT and RFST groups required significantly more optimization maneuvers than controls and more attempts at successful intubation, thus resulting in significantly increased duration for tracheal intubation. Although there was no significant difference in attempts (Ͼ 1) at successful intubation between the RFT and RFST groups, the recorded differences (10.4% and 3.5%, respectively) could be clinically relevant. This may reflect a type 2 error (table 3) .
Hence, the superiority of the PVCT over the RFT and RFST groups was evident. Thereafter, analysis was focused on patients in the RFT and RFST groups. No significant difference was found in success rates between the RFT (78.5%) and RFST (75.4%) groups (P ϭ 0.65; table 3). In the RFT and RFST groups, the intubation angle was inversely correlated to the OD of the tube (r ϭ Ϫ0.46 and r ϭ Ϫ0.35, respectively; both P Ͻ 0.01), to the use of AL-S (r ϭ Ϫ0.65 and r ϭ Ϫ0.58, respec- tively; both P Ͻ 0.01), and to the ratio of the OD of the endotracheal tube to the width of the AL guiding channel (r ϭ Ϫ0.95 and r ϭ Ϫ0.82, respectively; both P Ͻ 0.01). Figure 2 displays the inverse correlation observed between the ratio of the OD of the endotracheal tube to the width of the AL guiding channel versus the intubation angle for the PVCT, RFT, and RFST groups. Also, the performance of AL size among RFT and RFST patients is illustrated in table 4. Success rates were significantly increased with AL-S in both groups. Optimization maneuvers (Ն 1) were significantly reduced with AL-S in both groups, whereas no differences were documented with respect to the time required for intubation and trauma. Finally, binary logit regression performed in the RFT and RFST groups showed that a 1-mm decrease in tube OD increased the odds of intubation failure by a factor of 2.6 (95% confidence interval, 1.5-4.8; P Ͻ 0.01). The use of AL-L increased the odds of failure by a factor of 5.3 (95% confidence interval, 2.5-12.1; P Ͻ 0.01). Similarly, a decrease in 0.1 of the ratio of the OD of the endotracheal tube to the width of the AL guiding channel was associated with a 3.1 (95% confidence interval, 1.9 -5.2; P Ͻ 0.01) times increase in the odds ratio of intubation failure. It is of note that in the RFT and RFST groups, 12 of 249 patients (4.8%) sustained transient arterial desaturation (oxygen saturation measured by pulse oximetry Ͻ 92%). The Macintosh laryngoscope was used successfully in 57 of 249 (22.9%) patients who could not be intubated with the AL in the RFT and RFST groups.
Discussion
Currently, when using straight reinforced tracheal tubes, the common practice requires the use of a Macin- tosh laryngoscope and a malleable stylet primed in the tube. We used the AL to place the reinforced tracheal tubes in the trachea without the aid of a stylet. The current results demonstrated that a major factor for successful intubation through the AL is the angle created by the endotracheal tube emerging from the AL guiding channel. Because the endotracheal tube cannot be manipulated by the operator, the AL must be adequately positioned and aligned in front of the glottis entrance for successful intubation. This study underlines that the intubation angle depends on the size and type of the endotracheal tube, as well as the size of the AL used. Finally, the intubation angle measured in RFT and RFST groups was inversely correlated to the ratio of the OD of the endotracheal tube to the width of the AL guiding channel. Our findings showed the superiority of the PVCT compared with the RFT or RFST for intubation through the AL. The former is reasonably stiff, has a curvature, and emerges from the AL with its distal end pointing anteriorly toward the plane of the glottis. Hence, the preformed shape of the PVCT, with a curvature of approximately 130°, is responsible for its unique characteristics. Also, we found that when flexible straight reinforced tracheal tubes were used, the tip of the endotracheal tube was directed posteriorly toward either the arytenoid cartilage or the esophagus. This was attributed to the fact that flexible straight reinforced tracheal tubes do not have a steep curvature and exit the AL with a higher angle. In most cases, this resulted in additional optimization maneuvers and/or intubating attempts and increased duration of the intubation procedure.
The current results demonstrated the influence of the laryngoscope size among adult patients intubated with straight reinforced tubes. The smaller AL had a higher success rate and required less optimization maneuvers when compared with the larger AL. This may be due to the technical characteristics of this laryngoscope, because the smaller width of the guiding channel resulted in an increased ratio of the tube's OD to the width of the guiding channel; hence, this significantly affected the intubation angle and the success rate. This is the first study, to the best of our knowledge, that evaluates the use of straight reinforced tracheal tubes for intubation through the AL, while taking into account the size of the laryngoscope. Only one published study reported the use of polyvinyl chloride tracheal tubes, 15 whereas in others [1] [2] [3] 9 this is assumed. Also, there are two studies where double-lumen tracheal tubes were used though the AL, 15, 16 and a preformed nasotracheal tube was used in one case. 15 So far, the published literature has not reported any failures of use of the AL with polyvinyl chloride tracheal tubes. This remains to be confirmed by further studies. However, our study reports 22.9% failure when using straight reinforced tracheal tubes.
This study exhibits two major limitations. First, all intubations were attempted by experienced users, and our results may not necessarily apply to less experienced personnel. Second, the overlapping in size 7.0to 7.5-mm ID tracheal tubes for both AL sizes as well as the fact that all data were recorded by unblinded observers may be possible sources of bias. Despite the aforementioned limitations, this study clearly demonstrates that the angle created by the straight reinforced tubes emerging from the AL was inversely correlated to the ratio of the OD of the endotracheal tube to the width of the guiding channel. Each 10% decrease in this ratio led to a threefold increase in the odds of intubation failure.
In conclusion, we found that a major factor for successful intubation through the AL is the angle created by the endotracheal tube emerging from the laryngoscope. The PVCT was found to be superior to the RFT and RFST for tracheal intubation through the AL. In cases of using either the RFST or the RFT, the larger endotracheal tube OD and the smaller size AL are preferable because they both decreased the intubation angle and resulted in increased rates of successful intubation. AL-L and AL-S ϭ larger and smaller adult sizes of the Airtraq laryngoscope (Prodol Meditec S.A., Vizcaya, Spain), respectively; IQR ϭ interquartile range; RFT ϭ straight wire-reinforced tube; RFST ϭ straight silicone wire-reinforced tube.
